Minimally invasive pancreatic resections are technically demanding but rapidly increasing in popularity. In contrast to laparoscopic distal pancreatectomy, laparoscopic pancreatoduodenectomy (LPD) has not yet obtained wide acceptance, probably due to technical challenges, especially regarding the pancreatic anastomosis.
Introduction
Laparoscopic surgery has a fast evolution during the last decades and is being performed for increasingly complex surgical procedures. Despite increasing recognition of the benefits of this approach, the majority of pancreatic surgeons remain uncertain about the advantages of this technique 1, 2, 3, 4, 5 . Laparoscopic distal pancreatectomy is now proven to be safe and readily available, although its use in the treatment of adenocarcinoma is still debated 2, 4, 6, 7 . Since the first report on laparoscopic pancreatoduodenectomy (LPD) in 1994 8 , few studies have described the technique 9, 10, 11, 12 . Non-randomized studies reported a reduction in delayed gastric emptying and in the estimated intraoperative blood loss has been reported for LPD, as compared to open pancreatoduodenectomy 13, 14 . One randomized trial and a systematic review reported that LPD could reduce a hospital stay, without increasing the overall costs 15, 16 . Unfortunately, LPD seems to be associated with higher rates of postoperative pancreatic fistula and readmission, especially in low volume centers 17 . The best pancreatic anastomosis technique is still open for debate. The most common anastomoses performed during open pancreatoduodenectomy are being reproduced in LPD. However, as for open pancreatic surgery, the results obtained with LPD are controversial. Safety, feasibility, reproducibility and simplicity of the pancreatic anastomosis have a crucial role in the diffusion of this technique and in its surgical results.
The Blumgart pancreatic anastomosis is a simple and effective technique that combines the principle of duct-to-mucosa anastomosis with jejunal covering over the raw surface of the pancreas 18 . The Blumgart anastomosis has been associated with lower pancreatic fistula rate to than the other techniques 
Patient Preparation
1. Perform a preoperative endoscopic retrograde cholangiopancreatography (ERCP) to relieve the obstructive jaundice. 2. Place a 7Fr plastic biliary stent and take biopsies. Pathology shows a tubulovillous adenoma of common bile duct (CBD) with focal high-grade dysplasia. Figure 1 illustrates the appearance of the lesion on CT scan.
Surgical Technique
1. Operation setting 1. Place the patient in French position with a heating device on a short grain mattress with the right arm in and left arm abducted to 90°. 2. During sterile exposition, remember to keep the suprapubic region free for a Pfannenstiel incision to remove the specimen. The first surgeon stands between the patient's legs, the 1st and the 2nd assistant are on the left and right side, respectively. Use a 6-port technique to perform the procedure, see 5. Choose an appropriated (articulating) sealing device, along with laparoscopic monopolar hook and laparoscopic bipolar clamp diathermy.
2. Exploration Phase 1. Perform a diagnostic laparoscopy to exclude peritoneal and liver metastases. Place a straight needle transcutaneously in the epigastric region, around the Teres ligament to retract the ligament to the ventral abdominal wall. 2. Dissect the gallbladder hilum and the cystic artery and then divide the duct between clips and suture Hartmann's pouch to the ventral abdominal wall for further liver retraction and exposure of the hepato-duodenal ligament.
3. Dissection Phase 1. Open the lesser sac by dividing the gastrocolic ligament 2 cm distal from the gastroepiploic vessels. Free the stomach from the pancreas and let the assistant retract the stomach anteriorly. Mobilize the hepatic flexure. Thereafter, the left assistant retracts the duodenum to the patient's left side, while the right assistant pushes the colon caudo-medially with a gauze. 2. Kocher Maneuver 1. Perform a wide Kocher maneuver, exposing the inferior caval vein, the origin of the superior mesenteric artery (SMA) and the ligament of Treitz. Expose also the superior mesenteric vein (SMV) and its confluence with the gastroepiploic vein. Dissect the latter and transect it using clips and articulating sealer.
3. Pancreatic Tunnel 1. Now, create the beginning of a wide pancreatic tunnel. 2. Next, free the distal part of the stomach, just 1 cm proximal to the pylorus, and transect it using an endostapler after the nasogastric tube is pulled back. On the cranial side of the pancreas, dissect the hepatic artery lymph node station (number 8a) and send it for pathology. Hereafter, identify the hepatic artery, portal vein and gastroduodenal artery. 3. Encircle the gastroduodenal artery with a vessel loop and divide it, leaving 2 locking clips on the patient's side and 1 on the specimen's side. Complete the pancreatic tunnel by blunt dissection using the articulating sealer and sling the pancreas with a quarter length vessel loop, securing it with a plastic self-locking clip.
4. Ligament of Treitz resection 1. Mobilize the duodenojejunal flexure (ligament of Treitz), and divide the first jejunal loop with an endostapler using a vascular cartridge. Now complete the mobilization of the first loop up to the mesenteric root. Hereafter, suture the two free ends of the jejunum to each other and pass both under the mesenteric root to the patient's right side.
Pancreatic resection
. It is widely recognized that laparoscopy offers a better quality of the visualization, enlarging all the details of the surgical field and minimal manipulation of the tissue 22 . The pathological outcomes are also comparable between the LPD and the open technique. Particularly, the same R0 resection and lymph node harvest rates have been reported 10 .
The use of the French position, the 6-port technique, 3D laparoscopy (especially during the anastomotic phase) and the appropriate laparoscopic devices can reduce the obstacles of the minimal invasive approach. We suggest also some technical tips, previously described by Palanivelu et al. 23 such as the transcutaneous needle in the epigastric region to retract the Teres' ligament or the suture of the Hartmann's pouch to the ventral abdominal wall, to improve the exposure of the hepatoduodeneal ligament.
Unfortunately, there is a price to be paid; this complex operation must be performed at high volume centers where surgeons have extensive experience in both open pancreatic resections and advanced laparoscopic procedures 15 . Although the modified Blumgart pancreaticojejunostomy is a reproducible technique to perform the pancreatic anastomosis, careful surgery is required. The surgeon needs to take care to not obstruct the pancreatic duct with the barbed sutures. The duct-to-mucosa sutures also needs to be placed meticulously. Each suture is placed under direct visualization, but does not need to be tightened immediately and could be kept initially for traction. When initially cutting the pancreatic duct, it may be kept somewhat longer to facilitate these sutures.
Laparoscopic pancreaticoduodenectomy requires advanced laparoscopic skills and extensive experience with open pancreatic surgery. Further studies need to investigate the oncological results of this technique. Whether the minimal invasive approach is safe and beneficial for these patients has to be establish in a randomized setting. In the Netherlands, the LEOPARD-2 (trial registry NTR5689) multicenter trial is currently randomizing patients between minimally invasive and open pancreatoduodenectomy using the described technique 24 .
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